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We assessed how preemptive inoculation of plant leaves with bacteria affected the 25 establishment of secondary colonizers. We quantified the latter in two ways: 1) at the 26 population level, i.e. as counts of colony-forming units and 2) at the level of single cells by 27 tracking the reproductive success of individual bacteria. Both analyses showed that the ability 28 of secondary immigrants to establish on the leaf was negatively correlated with the level of 29 pre-population by primary colonizers. This effect was best described by an inverse dose-30 response curve with an apparent half-point inhibition efficacy of approximately 10 6 cells of 31 primary colonizers per gram leaf. This efficacy was the same whether calculated from 32 population-or average single-cell data. However, single-cell data revealed that even under 33 conditions of heavy pre-population with primary colonizers, a small fraction of secondary 34 immigrants still produced offspring, although the corresponding population measurement 35 showed no increase in total population size. This observation has direct relevance for 36 biocontrol strategies that are based on the principle of preemptive exclusion of foliar bacterial 37 pathogens: even at seemingly saturating levels of primary inoculum, some secondary 38 colonizers may still be able to reproduce and possibly reach a quorum to trigger behaviors 39 that enhance survival or virulence. 40
Introduction 46
The plant leaf surface, or phyllosphere, is an extreme and uninviting microbial environment 47 due to abiotic stress conditions such as drought and exposure to UV radiation ( Pseudomonas syringae strains to reduce population sizes of ice nucleation-active P. syringae 80 strains in order to prevent frost injury to the plant foliage . Pa299R CUSPER cells that immigrated onto leaves which were heavily pre-populated at 157 6.31x10
6 CFUs per gram leaf were able to reproduce three times to create 8 offspring each 158 (Figure 2, column 4, row 3) . In other words, a small fraction of the secondary inoculum 159 landed in areas of the leaf that allowed for growth, likely because they were devoid of 160 primary colonizers or because of the inability of the primary colonizer to completely 161 monopolize all resources (De Meester, Gomez et al. 2002) . However, the increase in 162 population size that resulted from the growth of this small fraction was not sufficiently large 163 to be detected through CFU counts. This is a highly relevant observation if one considers that 164
for foliar pathogens such as Pseudomonas syringae the quorum size, i.e. the number of cells 165 in a local population to trigger a common behavior by signaling molecules, can be as low as 166 13 cells or even fewer (Dulla and Lindow 2008) . Thus, a microcolony of 8 cells might be 167 sufficiently large to trigger quorum sensing behavior, which has been shown for P. syringae 168 to be important for virulence (Quiñones, Dulla et al. 2005 ). This observation supports the 169 masked by this population decline, there might be some cells that are able to survive, or even 177 reproduce into microcolonies that offer advantages for survival . 178
The ability of some bacterial immigrants to be highly successful on leaf surfaces, while most 179 others are not, can be explained by the highly aggregated distribution of resources on the leaf 
